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G E N E R A T O R S  O F  P A T H O L O G I C A L L Y  E N H A N C E D  

E X C I T A T I O N  AS D E T E R M I N A N T  S T R U C T U R E S  

IN T H E  S P I N A L  C O R D  
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With the aid of tetanus toxin, which d is turbs  var ious  types of inhibition, gene ra to r s  of excitat ion 
were  c rea ted  in the left  and r ight  an te r io r  horns of the lumbar  spinal cord  in ra ts .  The r e g i m e s  
of act ivi ty  of the gene ra to r s  differed:  the le f t - s ided  genera tor ,  fo rmed  during the longer action 
of the toxin, in r e sponse  to act ivat ion by t r i gge r  s t imulat ion f i r s t  produced tonic, and then in- 
t e rmi t t en t  activity,  or  individual spontaneous d i scharges ,  whereas  the r igh t - s ided  genera to r  
produced only tonic activity.  If one genera to r  was blocked by glycine, the other continued to 
opera te  as before.  Activation of one genera to r  led to concomitant  dep res s ion  of the ef fec ts  of 
the other.  During sepa ra t e  act ivat ion of each genera to r ,  all the spinal and suprasp ina l  moto -  
neuron pools synchronously  reproduced  the c h a r a c t e r  of act ivi ty of the gene ra to r  functioning at 
that pa r t i cu l a r  moment .  The genera to r  thus played the role  of a de te rminan t  s t ruc tu re ,  d e t e r -  
mining the behavior  of the sys tem.  The r e su l t s  a re  examined f rom the standpoint of the genera l  
concept  of the role  of de te rminan t  s t r u c t u r e s  in the act ivi ty of the nervous  s y s t e m  and the 
theory of genera to r  mechan i sms  of neuropathological  syndromes  cha rac t e r i z ed  by hyperact iv i ty  
of sy s t ems .  
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S t ruc tu res  of the CNS forming  an enhanced functional volley de te rmine  the c h a r a c t e r  of act ivi ty of other 
pa r t s  of the CNS recSiving that volley and thereby de te rmine  t h e b e h a v i o r  of the whole functional sys t em which 
they act ivate  [4, 6, 9-13]. "These s t r u c t u r e s  have been called de te rminan t  dispatch s ta t ions (DDS) or d e t e r m i -  
nants .  T h e y w e r e f i r s t f o u n d  during analys is  of spinal  cord  activi ty under conditions when inhibition was d i s -  
turbed in the [nterneuron population, which acquired the p rope r t i e s  of a DDS [ 1, 3, 7, 13, 16], working as gen-  
e r a t o r s  of enhanced excitat ion [5, 11, 13-15]. Since this phenomenon ref leces  one of the pr inc ip les  of act ivi ty 
of the nervous  s y s t e m  [4, 9-12],  it was impor tant  to analyze it in more  detail.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 36 noninbred albino r a t s  weighing 200-220 g. Inhibition in the spinal  
cord  was dis turbed by injecting tetanus toxin into the leg musc les ,  f rom which the toxin t raveled  along the 
sciat ic  nerve  to the an te r io r  horns of the lumbar  segments  of the spinal cord  [2, 8]. Local  d is turbance of in-  
hibi tory m e c h a n i s m s  in the population of motoneurons  [2, 3, 8, 17, 18, 21-23] and of p ropr iosp ina l  neurons 
[2, 3, 16] a r i s e s  in these zones and, under these c i r cums tances ,  the interneuron population is conver ted  into a 
hyperac t ive  s t ruc tu re  [4, 6, 7, 13, 16], the c h a r a c t e r  of whose act ivi ty depends on the duration of action of the 
toxin. This fea ture  was used as the functional m a r k e r  of two hyperact ive  s t r u c t u r e s  which were  c rea ted  in the 
two halves of the lumbar  segments :  Toxin (40 MLD for mice) was injected into the left gas t rocnemius  musc le  
96 h, and into the r ight  muscle  48 h, before investigation of the e lec t r i ca l  act ivi ty of the musc les .  Simultaneously 
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Fig. 1. Elect r ica l  activity in various muscles  in response to nociceptive stimulation 
(squeezing toes with forceps) of left (I, III) and right (II, IV) hind limbs before (I, II) 
and after (HI, IV) injection of glycine into left anter ior  horns L4-L6.  1, 2) Right and 
left neck musc les ;  3, 4) r ight  and left spinal muscles ;  5, 6) pos ter ior  group of mus-  
cles of r ight  and left thigh. Time of application of stimulus indicated by upward 
movement  of top line. Calibration: stimulus 500/~V, time 1 sec. 

with the toxins, antitoxin (0.025 IU) was injected intravenously to prevent the toxin from spreading via the blood 
s t ream [2, 7]. The e lec t r ica l  activity of the muscles  was recorded  on an eight-channel electroencephalograph 
(Saa'ei Instrument) through bipolar needle electrodes.  For  t r igger  activation of the genera tors ,  nociceptlve 
stimulation was used (squeezing the digits or a fold of skin on the back). The genera tors  were inhibited by 
glycine, which produces effects of postsynaptic inhibition [22-25].  Glycine was injected into the region of the 
generator  (the anter ior  horns of segments  L4-L6) by three punctures with a micromanipula tor  (10 -4 ml of a 
20% solution, pH 6.0, at each injection!. In control  experiments  physiological saline or other amino acids in 
corresponding concentrat ions and with the same pH value were injected. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

After nociceptive stimulation of the left and r ight  limbs, a burs t  of e lec t r ica l  activity was recorded  in the 
muscles  of the trunk, limbs, and neck (Fig. 1), This activity arose  in virtually all the musc les  on both sides, 
evidence of activation of motoneurons at all levels of the spinal cord. It could also be recorded  in the musc les  
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Fig. 2. Spontaneous d ischarges  and tonic activity in various muscles  in response to 
activation of left-sided and r ight-s ided excitation generators .  I, HI)Synchronized dis-  
charges  ar is ing spontaneously and after activation of left-sided genera tor  , and evoked 
tonic activity to activation of same generator ;  IV) evoked tonic activity to activation of 
r ight-s ided generator  and inhibition of spontaneous synchronized discharges  generated 
by left-sided genera tor ;  V) spontaneous burs t  of tonic activity and spontaneous d is-  
charges ;  VI) inhibition of activity of lef t-s ided genera tor  by glycine: disappearance of 
spontaneous d ischarges  and of evoked tonic activity; VII) evoked tonic activity during 
activation of r ight-s ided generator .  Remainder  of legend as in Fig. 1. 

of the head and in the muscles of mastication, indicating excitation of motoneurons in the brain stem. The 
evoked activity had the following distinguishing features: It appeared and disappeared virtually simultaneously 
in all muscles; its character was the same in all muscles in the case of both tonic activity and of separate dis- 
charges, which were synchronized in all the muscles; it continued for a long period of time after the end of 
stimulation. 

These distinguishing features point to a single source of the evoked activity in the muscles.  This source 
produces excitation of a definite pattern, imposes the charac te r  of its activity on all spinal and supraspinal 
motoneurons,  and thus plays the role of a DDS or determinant.  
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The fact that e lectr ical  activity with a high amplitude and a high frequency was recorded  in the muscles  
is evidence of involvement of many motoneurons in each nucleus in the response.  This means that the new 
source of excitation generates  intensive impulse activity, which overcomes  the numerous synaptic delays and 
spreads to pract ical ly  every  motoneuron. The fact  that excitation of motoneurons pers i s t s  for a long time 
after the end of stimulation indicates that the hyperactive determinant  s t ruc ture  (DDS} functions as a generator  
of enhanced excitation whlch, once it has been triggered, needs no further  t r igger ing stimulation. The periodic 
paroxysmal  synchronized d ischarges  (Fig. 2) are evidence of spontaneous excitation of the genera to r ' s  neurons. 

The data in Figs. 1 and 2 indicate that the reg imes  of operation of the two genera tors  are  different. The 
left-sided genera tor  f i rs t  produces tonic activity, wh~dh then changes into phasic. The phasic activity could 
ar ise  spontaneously and could be constant. The r ight -s ided  genera tor  produces only tonic activity. Depress ion 
of the left-sided generator  by glycine led to disappearance of its charac te r i s t i c  pattern of activity, whereas the 
r ight -s ided generator  continued to function as before. The two genera tors  are  therefore  independent s t ruc -  
tures,  each of which generates  its own charac te r i s t i c  pat tern  of activity and has its own activation channel, 
being excited by stimulation of the corresponding receptive fields. Stimulation from other fields or of different 
modali t ies does not activate the generator  at that stage of its formation. Specificity of this kind is a c h a r a c -  
ter is t ic  feature of the determinant  [9-12].  

The experiments  showed that if the r ight -s ided generator  was excited during activity of the left-sided 
generator ,  the effects of the latter were depressed  (Fig. 2, IV). This phenomenon was not the resul t  of de-  
press ion  of the motoneurons of the lef t-s ided generator ,  for its reexcitat ion was accompanied by the appear-  
ance of its charac te r i s t ic  activity (Fig. 2, II). The two generators ,  as determinant  s t ructures ,  are thus not 
only independent formations,  but they can inhibit ei ther one another direct ly  or the effects produced by the 
opposite generator .  

The resul ts  indicate that the spinal and brain stem motoneurons become what is evidently a single func- 
tional pool relative to the determinant  s t ructure  only when the latter produces a functional volley or, in other 
words, during activation of a determinant  s t ructure  a dynamic system ar i ses ,  the final components of which are 
motoneurons.  The determinant  behaves as a mechanism of functional organization and formation of the dynamic 
system. 

These investigations are interesting in connection with models suitable for studying the propert ies  and 
role of excitation genera tors  in the determination of the charac te r  of epileptic activity. It will be clear  from 
the facts descr ibed above that the same s t ruc tures  in the spinal cord can generate both tonic and intermittent 
activity. Clonic d ischarges  ar ise  after tonic activity only in the late stages of the process ,  when there is a 
considerable increase  in the size and power of the generator ,  a more  widespread disturbance of inhibitory 
mechanisms,  and an increase in the excitability of the genera to r ' s  neurons. This is manifested as the lowering 
of its t r iggering thresholds [5, 13-16] and as self-excitation. 

The resul ts  of these investigations are also important  from the standpoint of analysis of the nature of 
what has been called strychnine tetanus, f i rs t  descr ibed by Bremer  [ 19, 20]. We have descr ibed a s imilar  
phenomenon (strychnine-like tetanus) in ascending tetanus [1-3, 7]. This phenomenon consists  essential ly of 
the appearance of d ischarges  of motoneurons along the whole length of the spinal cord during poisoning by 
strychnine or tetanus toxin. Bremer  [19, 20] was inclined to explain this phenomenon by periodic electrotonic 
excitation of the whole column of motoneurons as a physically united formation. The resul ts  of the present  ex-  
periments  indicate that this phenomenon is based on the formation of an excitation genera tor  as a hyperactive 
determinant  s t ructure ,  relat ive to which all the motoneurons constitute a single functional pool. Synchronized 
excitation of motoneurons is due to impulses from the generator  to all motoneurons.  Blocking the excitation 
generator  with glyciae leads to disappearance of the synchronized motoneuron activity and to the abolition of 
the entire phenomenon. 
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